Introduction
Carcinoscorpius rotundicauda is a small-sized horsehoe crab species found in coastal areas from the South China Sea to the Indian subcontinent which uses the mud flats of mangroves or along rivers to spawn [1] . This Southest Asian horseshoe crab species is under the IUCN 'data deficiency' category and the knowledge of the diversity and distribution pattern of it is still fragmentary. Currently, there is no published report on the status of C. rotundicauda from Malaysian shores. While the status of horseshoe crabs varies from country to country, there is reason for serious concern as the horseshoe crab populations are claimed to be decreasing worldwide [2] [3] [4] [5] . Horseshoe crab populations decline may have been resulted from some combination of pollution, degradation of the estuarine spawning habitats, and commercial fishing activities [3] [4] [5] [6] [7] . Hence, research on the population status of this extant mangrove horseshoe crab is needed. Here, we describe the development of single locus DNA microsatellite markers for molecular population typing of C. rotundicauda from Peninsular Malaysia.
Methodology

Samples and DNA isolation
Total genomic DNA was extracted from muscle tissues of C. rotundicauda using the CTAB protocol [8] with minor modification to the CTAB buffer used which comprised of 2% w/v CTAB, 1.4 M NaCl, 20 mM EDTA and 100 mM Tris-HCl (pH 8.0). The DNA yield and purity were quantified using a NanoDrop ND-1000 Spectrophotometer (Thermo Fisher Scientific).
Microsatellite markers and amplification
Random microsatellite sequences were amplified using six selected 5 0 -anchored ISSR primers [9] which are shown in Table 1 .
PCR reactions were carried out in a volume of 10 ll consisting of 100 ng of genomic DNA, 19 reaction buffer (10 mM Tris-HCI, 50 mM KCI and 0.1 Triton Ò X-100), optimized concentration of MgCl 2 , 0.25 mM of dNTPs Mix, 0.5 lM of ISSR primer and 0.15 unit Taq DNA polymerase. A Biometra Ò TProfessional thermocycler was used with the programme set at an initial denaturation of 3 min at 95°C while 40 cycles of amplification were done as follows: 30 s denaturation at 95°C, 30 s annealing at a temperature depending on the primer and 30 s extension at 72°C. The cycles ended with a final extension of 5 min at 72°C for the attachment of dATP at the 3 0 terminal for the cloning reaction. The PCR products were visualized by electrophoresis in a 2% agarose gel (Vivantis) using Tris Borate EDTA (19 TBE) pH 8.2 as the running buffer. After electrophoresis, the gels were stained with ethidium bromide to confirm the presence of bands. Subsequently, GF-1 PCR Clean-Up Kit (Vivantis) was used to clean up the PCR product to obtain pure DNA for further use in cloning. The cloning procedures were performed as described in the manufacturer's instruction manual (TOPO TA Cloning Kit, Invitrogen, USA). Ten putative recombinant clones from each selected primer that appeared as white colonies were randomly picked and sub cultured in a falcon tube containing 5 ml of fresh LB medium and 5 ll of ampicillin (50 lg/ml). The tubes were shaken overnight at a speed of 200 rpm at 37°C. PureLink TM Quick Plasmid Miniprep Kit (Invitrogen) was used to isolate the plasmid DNA from Escherichia coli cells and inserts were then sequenced using the The BigDye Terminator v3.1 Cycle Sequencing Kit and Applied Biosystems 3730 9 1 analyzer (provided by First Base). Microsatellite regions isolated were deposited in GeneBank and PRIMER 3 program was used to designed markers from the microsatellite regions isolated [10] . Markers developed were then tested for amplification and polymorphism on 25 randomly selected C. rotundicauda samples. The PCR reactions were prepared by adding 100 ng of genomic DNA, 19 reaction buffer (10 mM Tris-HCI, 50 mM KCI and 0.1 Triton Ò X-100), optimized concentration of MgCl 2 , 0.25 mM of dNTPs Mix, 0.5 lM each of forward and reverse primers, 0.2 unit Taq DNA polymerase and ddH 2 O to a final volume of 10 ll. The thermocycling conditions were based on a touchdown PCR protocol using a Biometra Ò TProfessional thermocycler. The touchdown consisted of ten cycles starting with an initial denaturation step at 95°C for 3 min followed by 30 s at 94°C, 30 s at 10°C ? Ta with decrement of 1°C per cycle and 45 s at 72°C which then continued with another 30 cycles of 30 s at 94°C, 30 s at the Ta and a final extension step at 72°C for 20 min. Screening of the length variations of the amplified markers was subsequently performed by gel electrophoresis on 4-5% Meta Ò Phor agarose gels (Lonza) using Tris Borate EDTA (19 TBE) pH 8.2 as the running buffer. 6% (w/v) polyacrylamide gels were also prepared for comparison and the separation was carried out in a vertical electrophoresis system (Bio-Rad) using a similar running buffer. After electrophoresis, both types of gel were stained with ethidium bromide (1.2 mg/ml) and comparisons of the banding patterns were made using 20 bp marker (Choice Care) as the molecular size standard.
Microsatellite genotyping and statistical analysis
Polymorphic microsatellite markers selected were screened on 127 C. rotundicauda samples collected from five locations in Peninsular Malaysia ( Fig. 1 ; Table 2 ). Alleles were visualized and scored with the AlphaEaseFC TM version 4.0.0 software (Alpha Innotech Corporation). The null allele frequencies were estimated using software MICRO-CHECKER version 2.2.3 [11] while GDA (Genetic Data Analysis) software [12] was used to examine the genetic diversity of C. rotundicauda by measuring the proportion of polymorphic loci (P), the mean number of alleles per locus (A), the mean number of alleles per polymorphic locus (A P ), the expected heterozygosity (He) and the observed heterozygosity (Ho). Deviations from HardyWeinberg equilibrium and linkage disequilibrium were then tested in TFGPA (Tools for Genetic Population Analysis version 1.3) [13] .
Results
Out of the 60 clones sequenced, 53 positive clones contained microsatellites. Every clone sequenced contained microsatellites at both ends and presence of additional internal microsatellites was observed in some clones implying clustering of microsatellites in several genomic regions. A total of 134 microsatellite regions were identified (Table S1 ) from the sequencing results consisting of different microsatellite core units as shown in Table 3 .
Microsatellite regions isolated consist of 31 perfect microsatellites, one compound microsatellite and four imperfect/interrupted compound microsatellites. Thirty-six primers were successfully designed and synthesized but only eight polymorphic primers were further tested on 127
C. rotundicauda samples due to the occurrence of null alleles in the discarded primers. We successfully identified 27 alleles with an average of 3.373 alleles per polymorphic locus (A p ) from the eight loci screened. Characterization of these loci and descriptive statistics by locus are presented in Tables 4, 5 
Discussion
The ISSR-PCR technique was selected in this study to help isolate microsatellite regions for the development of species-specific primers. The extent of microsatellite polymorphism using this technique varies with different types of primers (unanchored, 3 0 -anchored or 5 0 -anchored) used for amplification. Unanchored primers are usually not favoured as they only use the microsatellite repeats as primers and tend to slip within the repeat units during amplification leading to smears instead of clear bands [14] . To overcome this problem, these primers are often extended (anchoring) with 1-4 or more degenerate nucleotides at the 3 0 end or the 5 0 end to avoid internal priming and smear formation as the anchored nucleotides allow only a subset of microsatellites to serve as the priming sites. Compared to 5 0 -anchored, primers anchored at the 3 0 end are known to give clearer banding patterns but the former type is more preferable as PCR products amplified by 5 0 anchored primers include the microsatellite sequences and their length variations resulting in of bands and a higher degree of polymorphism [15] [16] [17] . To utilize the advantages provided by 5 0 -anchored primers, six primers (Table 1) were chosen in this study which successfully amplified clear banding patterns after optimization with suitable annealing temperatures. The banding patterns were also reproducible in three separate PCR amplifications. Out of the 60 clones sequenced, 53 (88.33%) clones contained microsatellites mostly with internal repeats within the sequences. These clones provided 134 microsatellite regions with six types of core units. The highest unit was dinucleotides (67.9%) followed by trinucleotides (13.4%), mononucleotides (10.4%), hexanucleotides (4.5%), pentanucleotides (2.2%) and tetranucleotides (1.5%). This technique also had yielded PCR products containing at least two microsatellites (one on each end of the amplicon) with presence of additional internal microsatellites which helped in increasing the total number of microsatellites isolated.
Although 134 microsatellite regions were located, some of them did not have enough flanking sequences for designing primers. Only 18-24 bp flanking sequences were accepted as the optimal length of the designed PCR primers. This length is long enough for adequate specificity, and short enough for primers to bind easily to the template at the annealing temperature. There were also several primers designed which showed overlapping with targeted microsatellites, have high-end self complementarity and contained long mononucleotides. These primers were discarded to prevent amplification of non-specific product and mispriming. Therefore, only 36 markers were For genotyping, only eight polymorphic markers with absence of null alleles were selected and screened on 127 C. rotundicauda samples. Twenty-seven alleles were successfully identified across samples. All the loci showed a high degree of polymorphism (Table 5 ). However, low heterozygosities were observed (Table 6 ) across populations and several loci showed significant deviations from HWE with no linkage disequilibrium between loci. Further study need to be done to identify the cause of these deviations which might bring severe population decline in the horseshoe crab populations.
Conclusion
In this study, the ISSR-PCR technique employed was found to be a simple and fast method for the construction of an enriched library approach for developing single locus microsatellites markers for C. rotundicauda. The eight novel microsatellite markers developed would be useful for investigating the population genetic structure of this 
